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Summary.-The formation of N-nitrosopyrrolidine from sodium nitrite and pyr-
rolidine in vivo in a dog's stomach is demonstrated. The rate of formation of
nitrosopyrrolidine is shown to be subject to pronounced catalytic effects. Nitroso-
pyrrolidine is also shown to disappear rapidly from the stomach, probably due to
absorption.
MANY NITROSAMIN ES are carcinogenic
in various tissues of a large number of
animal species (Magee and Barnes, 1967).
Formation ofnitrosamines from secondary
or tertiary amines and nitrite, which are
common food components, is possible.
The gastric environment provides condi-
tions of temperature and pH favouring
these reactions. Indirect evidence exists
for in vivo nitrosation. For example,
concurrent feeding of morpholine and
sodium nitrite to rats at levels up to 1000
parts/106 of each of these compounds in
the daily diet resulted in formation of
hepatocellular carcinomata and angio-
sarcomata histologically identical to those
induced by preformed nitrosomorpholine
(Newberne and Shank, 1973).
Nitrosamines have been shown to be
formed in vitro by the reaction of various
secondary amines and nitrite in human and
animal gastric juice (Lane and Bailey,
1973; Sen, Smith and Schwinghamer,
1969; Sander, 1967; Alam, Saporoschetz
and Epstein, 1971). There have also been
reports of in vivo nitrosamine formation
(Sen et al., 1969; Alam et al., 1971;
Sander and Seif, 1969). In these studies,
however, analysis was carried out at one
time only after feeding reactants. In only
one instance, in which very high levels of
amine and nitrite were administered to
rats, was nitrosamine formation confirmed
* To whom coIrespon(lence shoulct be acddresse(l.
by mass spectrometry (Alam et al., 1971).
These studies have not presented a
definitive and realistic picture of the
nitrosation of secondary amines in the
gastric environment. Sensitive and speci-
fic methods which require minimal sample
handling are necessary for quantitation,
and positive identification of trace levels
ofnitrosamines. Combined gas chromato-
graphy-mass spectrometry (GC-MS) is
the only method currently able to meet
these requirements. We here report the
formation of N-nitrosopyrrolidine from
sodium nitrite and pyrrolidine and show
its subsequent disappearance in vivo in a
dog's stomach. In order to work with
physiologically responsive animals, we
prepared dogs with " indwelling " gastric
fistulae. The analytical method used
provided positive identification of 10-8 g
of nitrosopyrrolidine.
MATERIALS AND METHODS
Two dogs were unfed for 18 h and atropi-
nized 30 min before induction of sodium
thiamyl-fluorothane anaesthesia. A 12 cm
incision was made 3 cm below the costal
margin and the stomach was exteriorized.
A 1-5 cm incision was made through the
greater curvature of the stomach 5 cm distal
to the cardia. Silastic tubing (Dow Corning,
Midland, Michigan, 1 in. ID x 3 in. OD) was
inserted through the stomach incision so thatT. J. MYSLIWY ET AL.
its end was located 3-5 cm proximal to the
pylorus. The incision was closed with the
tubing sutured in place before the stomach
was returned to the abdominal cavity, and
the abdominal incision closed. Before closing
the skin, the tubing was run subcutaneously
10 cm in a dorsal-posterior direction, exterio-
rized through a 7-5 cm skin incision, and
anchored with subcutaneous nylon stay
sutures. Dogs were used for the in vivo
nitrosation studies 4-11 days after surgery.
Two dogs prepared as above were unfed
overnight but not deprived of water.
Samples (2-5 ml) of gastric contents were
taken through the fistulae before the addition
of the reactant solution. Each dog was
given, via the fistulae, 50 ml of an aqueous
solution containing 1000 parts/106 sodium
nitrite and 200 parts/106 pyrrolidine at 37°C
and pH 11-2 (unbuffered) prepared immedi-
ately before administration. Fifty ml of the
same solution were held at 37°C to serve as a
control. Samples of a few ml of gastric
contents were aspirated through the fistulae
at various time intervals and samples of the
control solution were taken simultaneously.
Throughout the experiment the dogs were
alert, mobile and apparently at ease. A 0-1
ml portion of each sample was analysed for
nitrite using the automated colorimetric
method of Fan and Tannenbaum (1971).
The remainder, after pH measurement, was
made alkaline (pH > 11) with 1N sodium
hydroxide to stop further nitrosation and a
1 ml portion was extracted with 1 ml of
dichloromethane.
A solvent stripping and selective trapping
system was used which allowed injection of
100 ,ul portions of the dichloromethane
extract on to a precolumn followed by separa-
tion on a 160 m x 0-5 mm open tubular
stainless steel column (Essigmann and Issen-
berg, 1972). The precolumn was 37-5 cm x
5*3 mm stainless steel packed with 20%
Carbowax 20M on Chromosorb W 80/100 at
125°C. Two open tubular columns were
used, onenon-polar: SF - 96 (50) + OV - 17
(1: 1) + 0.1% Igepal CO-880; and one
polar: Carbowax20M + Carbowax 4000(1: 1).
Both columns were at 125°C, helium flow rate
12 ml/min. Effluent from the column passed
through a Watson-Biemann separator into a
Hitachi/Perkin-Elmer RMU-7 mass spectro-
meter. Nitrosopyrrolidine was quantified by
monitoring the molecular ion (M/e= 100)
to produce a mass chromatogram. Identifi-
cation was considered positive when low
resolution (500) mass spectra recorded at the
appropriate retention times from 2 different
analytical columns agreed with spectra from
an authentic sample of nitrosopyrrolidine
(Ames Laboratories Inc., Milford, Connecti-
cut). Using this extraction and detection
system, 92 ± 10% ofnitrosopyrrolidine added
to canine gastric juice at a level of 100
parts/106 was recovered.
RESULTS AND DISCUSSION
Results from two experiments are
summarized in Fig. 1, 2. Figure 1 shows
changes in the pH ofthe stomach contents
and concentrations of nitrite and nitroso-
pyrrolidine. Over a period of 30 min, the
pH fell from an initial value of about 4
to a final value of about 2. In the same
timeperiodnitrite concentration decreased
to approximately 10% of initial levels.
This rapid disappearance of nitrite con-
firms an earlier study in mice where it
was shown that 10 min after oral adminis-
tration, 85% of the available sodium
nitrite was lost from the stomach (Fried-
man, Greene and Epstein, 1972). Nitro-
sopyrrolidine was positively identified
after one min and rose to a maximum
concentration of 0-96 parts/106 after
2-5 min in dog A and 0-12 parts/106 after
7 min in dog B. After 30 min the concen-
tration in dog B had decreased to 0.01
parts/106. No nitrosopyrrolidine was
observed in similar extracts from the
control solution. Figure 2 shows a repre-
sentative series of mass chromatograms
of the dichloromethane extracts. The
peak at a retention time of 9-4 min was
shown to be pure nitrosopyrrolidine.
The rapid decline ofnitrosopyrrolidine
concentration was probably due to absorp-
tion. Previous investigators of gastric
nitrosation reactions made single measure-
ments of nitrosamine concentrations in
each experiment. Sampling times chosen
varied from 20 min to 3 h after adminis-
tration of reactants. Our experiments
suggest that these time periods may have
been too long to detect maximum nitro-
samine concentrations in the stomach.
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FIG. 1.-pH, nitrite and nitrosopyrrolidine (NNP) concentrations in the gastric contents of2 dogs after
administration of 50 ml of an aqueous solution containing 1000 parts/106 sodium nitrite and
200 parts/106 pyrrolidine.
In the case of dog B, the dilution of
reactants in the stomach was determined
by adding 0-25/tCi14C-inulin to the reac-
tant solution. Comparison of counts
before and immediately after introduction
into the stomach showed an increase in
reactant volume from 50 to 137 ml. The
volumethenremained constantthroughout
the experiment. In a control experiment,
nitrite and pyrrolidine were allowed to
react in water at 37°C at concentrations
similar to those found in the stomach of
dog B (364 parts/106 nitrite and 72
parts/106pyrrolidine). ThepHwas main-
tained at 3-0 by the addition ofperchloric
acid. Nitrosopyrrolidine was determined
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FIG. 2.-Mass chromatograms (M/e 1= 00) of
dichloromethane extracts of stomach contents
at varioxis times (min). Retention time of nitroso-
pyrrolidine, 9-4 min.
as before. Under these conditions, as
expected from kinetic characteristics of
the nitrosation ofstrongly basic secondary
amines (Mirvish, 1972), the nitrosopyrro-
lidine concentration was less than 0-001
parts/106 after 30 min of reaction. This
result indicates that in the dog's stomach
the rate of formation ofnitrosopyrrolidine
is subject to pronounced catalytic effects.
Various anions, including thiocyanate
and chloride, are likely to be present in
gastric juice and are known to accelerate
rates ofnitrosation (Fan and Tannenbaum,
1973).
Little information exists on the pyrro-
lidine content of foods. Pvrrolidine may
be formed, however, whenever foods
containing the diamine putrescine are
heated (Lijinsky and Epstein, 1970).
Putrescine, a normal product of protein
metabolism in plants and animals, has been
measured in foodstuffs at concentrations
greater than 1000 parts/106 (Smith, 1970).
Nitrite occurs at levels of 6-10 parts/106
in human saliva (Tannenbaum et al., in
press) and hence will always be present in
low levels in the stomach. Nitrite con-
centrations of up to 200 parts/106 have
been reported in vegetables (Ashton,
1970). The permissible residual nitrite
concentration in cured meat in the
United States is 200 parts/106.
Nitrosopyrrolidine is a potent carci-
nogen for the rat. A recent study
(Greenblatt and Lijinsky, 1972) showed
that rats fed 16 parts/106 nitrosopyrro-
lidine daily in the diet 5 days a week for
67 weeks produced 100% incidence of
tumours after 105 weeks in both males and
females. Liver tumours predominated
but in males testicular, adrenal and gastric
neoplasms were also present.
WTe have demonstrated unequivocally
the nitrosation of pyrrolidine in the
stomach of a dog. WVe have shown
that nitrosopyrrolidine forms much more
rapidly than is expected from the kinetics
of the uncatalysed reaction in vitro.
We have also shown that nitrosopyrro-
lidine disappearsrapidly from the stomach,
probably via absorption. Our results
confirm and extend previous reports
of in vivo synthesis of nitrosamines from
nitrite and secondary amines. More
information on precursor concentrations
in normal diets is necessary before a
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realistic appraisal of the human health
hazard posed by in vivo nitrosation can be
made.
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